Combined sewer overflows (CSOs) have been recognised as one of the serious sources of pollution to the water environment during rain events, although field surveys to investigate the effect of their magnitude and duration on receiving waters have been very limited. The fates of enteric viruses (norovirus G1, G2, enteroviruses) and coliforms were determined in the wastewater treatment plant on a fine day and on a rainy day. Not all microorganisms were reduced in the primary treatment, but were reduced in the secondary treatment. Occurrences of enteric viruses and levels of coliforms were surveyed in the receiving coastal area after a CSO event, with the profiles of the enteric viruses in the coastal seawater being almost at the same positive ratio for 4 d after the CSO event.
Introduction
Noroviruses, formerly called Norwalk-like viruses, are of great concern for public health especially as the cause of gastroenteritis due to ingesting seafoods, such as oysters. Noroviruses are suspected to have a high tolerance to chlorination (Keswick et al., 1985) and infect only humans. The infectivity of noroviruses cannot be determined, as no strain has, as yet, been grown in cell culture. Accordingly, these limitations allow positive results by PCR for noroviruses to be taken as a sign of potential risk of infection. The possibility should be seriously considered that noroviruses might be circulating in human society, including wastewater treatment plants. Combined sewer overflows (CSOs) have been recognised as serious pollution sources to the water environment during heavy rain; however, very limited field surveys have been conducted to examine the magnitude and duration of the impact of CSOs on receiving waters. In this research, the fates of enteric viruses (norovirus G1, G2, enteroviruses) and total coliforms were investigated in a wastewater treatment plant and in a receiving coastal area after CSO events in Tokyo, Japan.
Materials and methods

Sample collection in a wastewater treatment plant
Primary settling tank (influent and effluent) and secondary treated effluent (biological activated sludge) samples were collected at 2 h intervals during dry weather at a Tokyo wastewater treatment plant from 8 to 9 January 2003. This WWTP had another line for primary treatment for discharge without secondary treatment, for the case of an increased flow rate caused by heavy rain. Secondary and primary treated water (during heavy rain) were further disinfected by chlorine before discharge. Influent and effluent of the primary settling tank and those for the discharging line were sampled at 30 min intervals during heavy rain on 23 January 2003. At this time, primary treated water was discharged to Tokyo Bay without secondary treatment. UV absorbance at 260 nm (E260) and suspended solids (SS) were measured as water-quality parameters. Total coliforms were determined for each sample by a double agar layer method using desoxycholic acid agar (JWWA, 1993) .
Samples (100 mL with MgCl 2 to final 25 mM) were passed through a membrane (HA, 90 mm, 0.45 µm pore size, Millipore, Tokyo). Membranes were rinsed with 200 mL 0.5 mM H 2 SO 4 (pH 3.0) and followed by elution with 10 mL 1 mM NaOH (pH 10.5-10.8). The concentrates were neutralised with 0.05 mL 100 mM H 2 SO 4 and 0.1 mL 100× TE buffer (pH 8.0). Reverse transcriptase-polymerase chain reaction (RT-PCR) was used to detect norovirus type G1, type G2 and enteroviruses. Cell-culture RT-PCR was also used to detect infectious enteroviruses (Katayama et al., 2002) . Consequently, equivalent volumes of 2.5 mL and 15 mL of an initial sample were tested in a direct PCR and in a cell culture PCR.
Sample collection after CSO events in Tokyo Bay
Water samples were collected at 19 points in the coastal area of Tokyo Bay (Figure 1 ) at 1 d, 2 d and 4 d after the overflow event of 1 October 2002. Another set of samples was collected on 3 August 2002, 1 d after another overflow event. E260 and SS were determined as well as total coliforms as the microbial indicator. Viruses were concentrated from 2 L of each sample and determined following the same procedure described above except for the addition of MgCl 2 into the sample (Katayama et al., 2002) ; an equivalent volume of 300 mL of an initial sample was tested in a direct PCR and in a cell-culture PCR.
Results
The profiles of microorganisms, SS and E260 in a wastewater treatment plant on a dry day are summarised in Table 1 .
There was no special temporal tendency within 24 h. Both G1 and G2 norovirus serotypes were found more frequently than enteroviruses which corresponded to the epi- demiological information available from the Infectious Disease Surveillance Center, Japan. It should be noted that this data set included only winter samples for the occurrence of enteric viruses. During dry weather, SS and E260 were slightly reduced by primary settling, whereas TC and the positive ratio of viruses were not reduced at all. As for culturable enteroviruses, the positive ratio was increased by the treatment, probably due to reduction of the inhibitor effect on cell cultures. From the comparison between effluents of the primary settling tank and secondary treated water, a good reduction of SS and E260 and 3-log reduction of TC were observed, whilst the positive ratio of enteric viruses was reduced.
The results of water quality during heavy rain are summarised in Table 2 . There was no notable difference observed between the normal primary settling tank and the one for discharging. Higher removal of SS was observed than during dry weather, whereas the other parameters showed almost the same tendency as dry weather samples.
Profiles of occurrences of enteric viruses and total coliforms after a CSO event in Tokyo Bay are shown in Table 3 . The samples of 3 August included a higher positive ratio of EV CC-PCR than on 2 October, while no EV positives were observed by direct PCR. Noroviruses were found in summer as well, although the report was limited in summer in the epidemiological study in Japan. Some of the enteric viruses tested were positively detected in 300mL seawater in 6/19 sites, in 10/12 sites and in 8/14 sites on October 2, 3 and 5, respectively, showing almost no decrease with the day. This tendency was observed even in the culturable enteroviruses, which were detected at 2/19 sites, 8/12 sites and 7/14 sites on the same dates respectively. On the other hand, total coliforms decreased rapidly after the CSO event, showing a 1-log decrease from 1 d to 2 d.
Discussion
Since the treated water samples collected were not disinfected by chlorination, the water discharged was expected to contain less microorganisms than the samples of treated water in this study. However, the tolerances to chlorine of enteric viruses are higher than that of coliforms, with noroviruses expected to have the higher tolerances among enteric viruses (Keswick et al., 1985) . It can be assumed that the levels of enteric viruses were not increased much by the CSO event, as occurrences of the enteric viruses were constant, while total coliforms decreased rapidly after the CSO event. If so, the viruses may be discharged into Tokyo Bay during dry weather as well. Furthermore, the viruses discharged in dry weather may be infectious, because the positive ratio of cell culture PCR of enteroviruses was constant after the CSO event. From the results of this survey of Tokyo Bay after a CSO event and of the wastewater treatment plant, it should be considered seriously that daily discharges from wastewater treatment plants might include a comparable number of viruses to the CSOs, even though the microbial indicators were reduced.
Conclusions
The positive ratios by direct RT-PCR for noroviruses (G1 and G2), enteroviruses and by cell culture-PCR for enteroviruses were not reduced by the primary settling treatment during dry and rainy weather. In the secondary treatment, the positive ratio of enteric viruses was reduced. Further study is needed for the quantification of removal of the viruses in wastewater treatment plants.
Noroviruses (G1 and G2), enteroviruses by direct RT-PCR and enteroviruses by cell culture PCR were determined after a CSO event, where total coliforms were reduced after the CSO event in 4d while the positive ratio of viruses was constant. It should be considered seriously that wastewater treatment might not have reduced the numbers of viruses sufficiently, even though the microbial indicators were reduced.
